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CLAIMS 

1. A semiconductor device, comprising; 
a substrate; 

a lower electrode layer formed on said substrate; 

an oxide dielectric layer formed on said lower 

electrode layer; and 

o* an upper electrode layer^+e-Nfl e4 on said oxide 

dielectric layer, wherein 

said lower and upper electrode layers, as well as said 

i oxide dielectric layer^ are combined to compose an oxide 

dielectric capacitor, said lower electrode layer includes 

a conductive oxide layer, said conductive oxide layer 

consists of two adjacent layers formed in the same crystal 

. structure and with the same elements, but A (frff crcnt ly in the 

composition ratio from each other, and one of said two 

adjacent layers, which is positioned at said substrate side, 
kas an 

K Ino I udos oxygen deficiency. 

2. A semiconductor device in accordance with claim 1, 
wherein 

a MOS transistor is disposed on said substrate, and 

said lower electrode layer is connected electrically to the 

source area or drain area of said MOS transistor, 

semi conAwc+or 

x 3. A A oem i c ondtto-fro f device in accordance with claim 1, 
wherein 
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said lower electrode layer consists of a conductive 
CL silicon layer, a conductive oxide I aye r^w-nm- oxygen 
a deficiency, and a conductive oxide layer - t - hat — a-^e stacked 
sequentially from said substrate side. 

4. A semiconductor device in accordance with claim 1, 
wherein 

said lower electrode layer consists of a conductive 
silicon layer, a non-oxide conductive layer for anti- 
%q 0- diffusion, a conductive oxide layer 4 -w+4h oxygen deficiency, 

ru 

Jp and a conductive oxide layer - tha * — a-re stacked sequentially 

m 

p from said substrate side. 

IP* 

m 5. A semiconductor device in accordance with claim 4, 

wherein 

a metallic layer is further formed between said 



*~ ant i -di f fusion non-oxide conductive layer and said 

^ a- conductive oxide layer s w -i th oxygen deficiency, said 

q. metallic layer is composed of at least one type A metal 
ol selected from a group A of platinum, ruthenium, and iridium. 

6- A semiconductor device in accordance with claim 4, 
wherein 

said ant i -di f fusion non-oxide conductive layer 
a consists of a nitride including at least one type 4 metal 
selected from a group of Ti, Ta, Zr, Nb, V, and W. 

7- A semiconductor device in accordance with claim 1, 
wherein 
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an oxide composing said double- layered conductive 
oxide layer is at least one type 4 compound selected from RuO 2 
and I rO 2 having the rutile structure. 

8. A semiconductor device in accordance with claim 7, 
wherei n 



<k said conductive oxide layer A w i th said 



oxygen 



deficiency, which has said rutile structure, is 

in 

l character ized A -by that the oxygen deficiency x in its 

chemical formula MO2-X (M=Ru or Ir element) with said oxygen 
deficiency is larger than 0 and smaller than a value that 
can maintain said rutile structure stable. 



6^i> 9. A semiconductor 
wherein 

an oxide composing s 



device in accordance with claim 1, 



id doubl e- layered conductive 

oxide layer consists of it least one type compound selected 
from a group of CaRuO 3, Srf!uO 3, and SrTiO 3 to which La is added 



selected from a group of 



and all of them having the 



0 weight^ (included), and all of 
structure. 

device in accordance with claim 



by over 0.5 weight^ to 4 
them having the perovskitfe 
10. A semicond uctor 
1, wherein 

an oxide composing said double- layered conductive 
oxide layer has a mixed phase of at least one type compound 



laRuO 3, SrRuO 3, and SrTiO 3 to which 



La is added by over 0-5 wjight% to 4.0 weights (included), 



perovskite structure, with an 
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ffi 

u 



9^. «-,a I ka 1 1 i neVea rth 
\ 

is, CaO or\ SrO- 



metal oxide composing said compound, that 



11. A semiconductor 
9, wherein 



device in accordance with claim 



* said conductive oxide layer with 4 ean rf oxygen 

deficiency and consisting of an oxide of said perovskite 

|A 

ol structure is characterized A -by that the oxygen deficiency x 
in its chemical formula AMO 3- x (A and M indicate any of said 
Ca, Sr, Ti, and La elements) is larger than 0 and smaller 
than a value that can maintain the perovskite structure 

stable. 

12. A semiconductor device in accordance with claim 
1, wherein 

sa i d doub I e- I aye red 
of ReO 3 . 

13. A semiconductor 



conductive oxide layer consists 



12, wherein 



device in accordance with claim 



it? 



kaain^ 

* sa i d ^e on dtfc t we oxide layer A -w+w said oxygen 

(k deficiency and consisting of -se+d ReO 3 is characterized 

that the oxygen def i c i ency x in its chem i ca I f o rmu I a ReO 3-* 
with said oxygen deficiency is larger than 0 and smaller than 
a- a value that can maintain the A -Re© ^ structure stable. 



14- A semiconductor 
1, wherein 



device in accordance with claim 
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* said conductive oxide layer^-w+tb said oxygen 
deficiency is 10nm or above in thickness. 

15. A semiconductor device in accordance with claim 
1, wherein 

said oxide dielectric layer is formed with one 

compound selected from lead zirconate titanate, lead barium 
zirconate titanate, and strontium barium titanate. 

16. A semiconductor device in accordance with claim 
1, wherein 

said oxide dielectric layer consists of bismuth- 
system layered ferroelectr ics. 

17. A method for manufacturing a semiconductor 

device, including a proces ; for forming a conductive oxide 
layer with oxygen deficiency by sputtering or evaporating 
elements composing said conductive oxide in a non-oxidizing 



atmosphere, then forming 
conductive oxide layer with 
forming a lower electrode 
for forming an oxide di elect ri 
electrode layer; and a process 
electrode layer on said oxide 

said lower electrode layo 



conductive oxide layer on said 
said oxygen deficiency, thereby 
ayer on a substrate; a process 
layer on said lower 
for forming an upper 
qielectric layer, wherein 
r consists mainly of two 



conductive oxide layers formed in the same crystal structure 



and consisting of the same e 
other in oxygen composition rat 



lement, but different from each 
o, and 
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"Jsaid lower 
Dxide dielectric I 



and upper electrode layers, as well as said 
oxide dielectric layer are combined thereby composing an 



oxide dielectric {capacitor. 

of 

18. A method A 4e^ manufacturing a semiconductor device 
in accordance with claim 17, wherein 

at least part of a MOS transistor is formed on said 
substrate before said lower electrode layer is formed so as 
to be connected electrically to the source area or drain area 
of said MOS transistor. 

a 19. A method A -+ef manufacturing a semiconductor device 
in accordance with claim 17, wherein 

said conductive oxide layer with said oxygen 
deficiency formed in said double- layered conductive oxide 
layer is formed with the sputtering method and said non- 
oxidizing atmospheric gas is an argon gas (Ar) of 3N (99.9%) 
or over in pur i ty. 

20. A method A 4or manufacturing a semiconductor device 
in accordance with claim 17, wherein 

^ said conductive oxide I aye r* w \~^y said oxygen 
deficiency, which is formed in said double- layered 
conductive oxide layer, is then formed with A *be- sputtering 
method or A #w vacuum deposition method, and said non- 
oxidizing atmospheric gas is^a vacuum state of 1 //Torr or 
below into which no oxidizing gas consisting of any of oxygen 
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(0 2 ) , nitric monoxide (N 2 0), nitric dioxide (N0 2 ), and ozone 

(0 3 ) is introduced intentionally. 
S^s> 21. A method for 



j L\. m metnou lor ma 
in accordance with claim 17 
said conductive oxide 
deficiency, which is formed 
conductive oxide layer, 
method or the vacuum deposi 



lufacturing a semiconductor device 
wherein 

layer with said oxygen 
in said double- layered 
is then formed with the sputtering 
ion method, and said non- 
oxidizing atmospheric gas consists of at least one type 

2), nitric monoxide (N 2 0), nitric 
(0 3 ), and the pressure or partial 
#Torr or below. 



selected from oxygen (0 
dioxide (N0 2 X and ozone 
pressure of said gas is 10 

22. A semiconductor device, comprising; 
a substrate; 

a lower electrode layer formed on said substrate; 

an oxide dielectric layer formed on said lower 
electrode layer; and 

an upper electrode layer provided on said oxide 
dielectric layer, wherein 

said lower and upper electrode layers, as well as said 
oxide dielectric I aye x > are combined to compose an oxide 
dielectric capacitor, and said lower electrode layer 
includes an aluminum titanium nitride layer. 

23. A semiconductor A - dov i o o in accordance with claim 
22, wherein 
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a MOS transistor is disposed on said substrate, and 
said lower electrode layer is connected electrically to the 
source area or drain area of said MOS transistor. 

24. A semiconductor device in accordance with claim 
22, wherein 

said lower electrode layer consists of a conductive 
silicon layer, an aluminum titanium nitride layer, and a 
metallic layer that are stacked sequentially from said 
substrate side. 

25. A semiconductor device in accordance with claim 
24, wherein 

a conductive oxide layer is further formed on said 
metallic layer in said lower electrode layer. 

26. A semiconductor device in accordance with claim 

24, wherein 

<l said metallic layer consists of at least one type A 
a. metal element selected from a group* of platinum, iridium, 
ruthenium, and rhenium. 

27. A semiconductor device in accordance with claim 

25, wherein 

of 

a said conductive oxide layer consists of one type A 

consisting <* faOy 

cl compound selected from a group A t»-f hO 2 » R u0 2 . SrRuO 3 , and 

ReO 3 . 

a 28. A semiconductor device in A occor danoo with claim 
22, wherein 
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accordance. 

device in 4 aoGordano — ©-with claim 



the composition of said aluminum titanium nitride 

layer is represented by a chemical formula oV^T-i — i A A1 A j 1 _ 

^yily^ and x is over 0.2 to 0.5 (included) and y is over 0.4 
to 0. 6 ( included). 

a 29. A semiconductor 
22, wherein 

said oxide dielectric layer is formed with one 
compound selected from lead zirconate titanate, lead barium 
zirconate titanate, and strontium bar i urn titanate. 

30. A semiconductor device in accordance with claim 
22, wherein 

said oxide dielectric layer consists of bismuth- 
system layered ferroelectr ics. 

31. A method for manufacturing a semiconductor 
device, including; 

a step for forming a lower electrode layer including 
an aluminum titanium nitride layer on a substrate by 
sputtering in a n i t r i d i 2 i ng atmosphere; a step for forming 
an oxide dielectric layer on said lower electrode layer; and 
a step for forming an upper electrode layer on said oxide 
dielectric layer, wherein 

both lower and uppor electrode layers, as well as said 
oxide dielectric layer are combined thereby composing an 
oxide dielectric capacitor.- 
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a* 32. A method A +e* forming a semiconductor device in 
accordance with claim 31, wherein 

at least part of an MOS transistor is formed on the 
surface of said substrate before said lower electrode layer 
is formed, and said lower electrode layer is formed so as 
to be connected electrically to the source or drain area of 
said MOS transistor. 

a 33- A method^rfef- forming a semiconductor device in 
accordance with claim 31, wherein 

said nitridizing atmosphere used for forming said 
aluminum titanium nitride layer A pr - ovont i ng - oxygen diffusion 
and oxidation^ includes a nitrogen gas of 10 to 90 mo I % in 
an inactive gas. 

£. 34. A method^fe* forming a semiconductor device in 
accordance with claim 31, wherein 

a temperature for forming said aluminum titanium 
nitride layer A prevent i ng oxygen diffusion and oxidation is 
550 °C or below. 



S^*^ 35. A semiconductor 



said first conductive m 
second area and consisting 



consisting of an oxide 



device, including; 
first area consisting of a semiconductor material; 
second area connected o said first area and consisting of 

terial; third area connected to said 
of said second conductive 



material; fourth area connected to said third area and 



dielectric material; and fifth area 
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connected to said fourth 
material, wherein 
the material composition 
adjacent to said second 



ma t e r i a I compos i t i ons 
adjacent to said first 
is approximately equal 
of said second area. 

36- A semiconductor 
first area cons 



area and consisting of a conductive 

at the interface of said first area 
area is approximately equal to the 



average material composition of said first area, and the 



at the interface of said second area 
area, as well as to said third area 
to the average material composition 

device, including; 
sting of a conductive semiconductor 



material; second area connected to said first area and 
consisting of said first fconductive material; third area 
connected to said secord area and consisting of said second 
conductive material; fourth area connected to said third 



area and consisting of an 
fifth area connected 
a conductive material, w 
the average res 
approximately equal to t 
semiconductor mater ia I 
second area is approxima 
said first conductive m^t 



oxide dielectric material; and 
o said fourth area and consisting of 
erein 

stivity of said first area is 
resistivity of said 
and the average resistivity of said 
ely equal to the resistivity of 

er ial. 



le 



